Abstract-this paper investigated the optimum recovery of ginger bioactive compounds (6-, 8-, 10-gingerols and 6-shogaol) based on semi-batch and batch systems in accelerated water extraction. The optimum is determined based on peak value i.e optimum recovery of batch system to semi-batch. The peak value of 6-, 8-, 10-gingerols and 6-shogaol are 64.6 %, 47.2 %, 30.6 % and 135.6%. 6-shogaol has the highest peak value with exceeding than 100% because of the -hydroxyl in gingerols is dehydrated to form shogaol. The degradation rate, k deg has good correlation in first order rate. The highest k deg are found in 8-, and 10-gingerols.
I. INTRODUCTION
Typically, bioactive compounds from natural plants produce the secondary metabolites for pharmacological to human and animal [1] . Ginger is a common herb that can produce the bioactive compounds. A series of bioactive compounds such as gingerols and shogaols are the most abundant compounds extracted from ginger. The ginger bioactive compounds is found to possess various biological and pharmaceutical properties including anti-inflammatory and antioxidant [2, 3] , but shogaol exhibits the most potential as anti-inflammatory [4] . During thermal processing or storage, the gingerols may be modified to a series of homologous compounds called as shogaols (8-and 10-shogaols) .
The concern on green technology for pharmaceutical product encourages the extraction technique to be more competitive. As an alternative technique from conventional that approaches green technology, hot compressed water (HCW) utilizes the unique properties of water. At high temperature, the structure of water molecule changes significantly, namely an infinite network of hydrogen bonds is destroyed and water exists as separate clusters with a chain structure [5] . Thus, the dynamic viscosity is changed and increased in the selfdiffusion coefficient of water. The other key parameter on the unique properties of water is dielectric properties i.e dielectric constant, of water at 25 o C is 78.5 and drastically decreased to 43 at 160 o C and 250 bar [6] . For comparison with organic solvent; the dielectric constant of ethanol, is 24 at T= 25 o C and acetone ( =20.7 at T= 25 o C), similar for water ( = 21) at T= 300 o C and P= 230 bars. Consequently, the solubility of compounds in water can be enhanced. The solubility of polar compounds such as catechin is increased through this technique [7] . The other studies that also applied this technique are the extraction of Haematococcus pluvialis microalga [8] , avonol quercetin from onion skin [9] , phytochemical from potato peel [10] , phenolic compounds from flaxseed meal [11] , scutellar [12] and essential oil [13] .
Although many advantages are obtained by applying this technique, the properties of bioactive compounds which is thermal labile becomes a challenge to optimize the recovery of this technique. Meireles et al. [14] reported that temperature could not exceed than 160 o C for bioactive compounds extract. However, the other factors that also contributed on the extraction of bioactive compounds from plant matrix are sample matrix, particle size and availability of compounds in plant matrix. This is due to the bioactive compounds might be trapped or already released during the pre-treatment such as grinding [15, 16] . Despite of great attention on the HCW of bioactive compounds from plant matrix, the study on actual mechanism which involves extraction and degradation has not been explored yet. Thus, the objective of this paper is to determine the optimum yield of ginger bioactive compounds by considering the degradation of those compounds in batch and semi-batch systems.
II. METHODOLOGY

A. Material
Ground and dried ginger (Zingiber officinale Roscoe) was supplied from local supplier (Sabah, Malaysia). Sample is meshed through sieve analysis (BS 410/1986) with particle size of 1.18 mm. All samples were stored in a refrigerator at 4 o C for maintaining the freshness.
HPLC grade methanol (99.9%, ACS, Houston, USA), acetonitrile (99.99%, Fisher, Loughborough, UK) and ultrapure water with resistivity > 18.2 M cm (Barnstead, USA) were used as mobile phase in HPLC analysis. Ethanol is obtained by local distributor (96% AR grade, QR C, New Zealand). Ginger bioactive compounds (6, 8, 10-gingerols and 6-shogaol) were purchased from ChromaDex (Irvine, CA).
B. Soxhlet extraction
The objective of soxhlet extraction is to determine the initial concentration, C o of the each bioactive compound within raw material of Zingiber officinale Roscoe. About 20g of ginger was weighted with ratio of sample to ethanol is 1:10 as in 8 hrs at normal pressure. Temperature was controlled within the boiling point of ethanol (78.1 o C) and monitored using infrared laser thermometer (AR300, China). Then, the ethanol was evaporated overnight in 40 o C before further analysis.
C. Accelarated solvent extractor
The set-up of subcritical water extraction was done in accelerated solvent extractor, ASE as shown in Fig.1 . The ASE 350 (Thermo Scientific Dionex, US) was operated at a constant pressure of 10.23 MPa and prescribed parameters as following; temperature (373.15 to 453.15K) and operating system (batch and semi-batch), respectively. About 5.0 g of sample was mixed with 1.1g of diatomic earth (Thermo Fisher Scientific, P/N 062819). The mixture of sample and diatomic earth was inserted into a 100mL stainless steel of extraction cell with a cellulose filter (Dionex, P/N 056780) placed at the bottom before. Purging time was set-up at 200s in one cycle and 60% of flush volume. The extraction times were varied from 1 to 30 min with 2min increment for the first 15min after which the increment was 15min for batch system. While for semi-batch, the cumulative yield is obtained by using same sample and only solvent is changed for each interval (2min until 30 mins). Once the extraction was completed, about 135 mL of extracted sample with solvent was collected in a collection bottle. The experiments were conducted in duplicated with acceptable standard deviation of <10%. 
D. HPLC analysis
All the column fractions and bioactive compounds were subjected to HPLC analysis using Waters (e2695) with a photo diode array detector (PDA). The compounds were separated on C18 column (symmetry®) 5.0 μm particle size, (150 mm × 4.6 mm) and detected at 282 nm. All the compounds were quantified using Empower TM 3 software. The gradient mobile phase consisted of (A) water, 50%: methanol, 50% and (B) acetonitrile at a flow rate of 0.8 ml/min. The elution of binary solvent was conducted in gradient fashion, as following profile: 0-8 min, 45% B; 8-10 min, 65% B; 10-11 min, 55% B; 11-20 min, 55% B and column temperature was set at 30 o C ± 5 o C. The flow rate was kept at 0.8 ml/min. All the standards and samples were filtered through 0.45 μm millipore filter. The samples were diluted in methanol with dilution factor (0.5) before analysed in HPLC. The sample was analysed within 1 day after extraction in ASE.
E. Optimization in semi-batch and batch system
The optimum recovery of ginger bioactive compounds extract is determined by evaluating the degradation of those compounds. The optimum is evaluated through peak value as equation given:-Peak value (%) = Optimum recovery x 100 (2)
where C is concentration of compounds (mg/g), C o is initial concentration that is determined from soxhlet extraction (mg/g) and t is extraction time (min), respectively.
III. RESULTS AND DISCUSSION
The effect of temperature on recovery of 6-gingerol is shown in Fig. 2 for batch and semi-batch system. Different trends can be observed between both systems. For batch system, the recovery of 6-gingerol is decreased once reaching the optimum recovery. The optimum recovery is found at 413.15K while the lowest is 453.15K. As reported by Cheigh [18] , the concentration of hesperidin and narirutin from Citrus unshiu peel decreased when temperature was higher than 435.15K [18] . Compared to semi-batch system which the recovery has been accumulated at prescribed extraction time which did not illustrates any reduction of recovery. Erik et al. [19] concluded that the actual extraction of anthocyanins from red onion involves extraction and degradation. In semi-batch system, the sample and solvent remains in the extraction cell during the static time. Thus, extraction time plays an importance role to explain the mechanism of extraction. From the trends of graph in semi-batch system, the mechanism can be described by two stages i.e. washing step and diffusion step [20, 21] . Once reaching the saturation recovery, all the bioactive compounds is already extracted from ginger matrix.
At prolonged time of extraction, the compounds has been transported out from ginger matrix that acts as 'protective layer' surrounding the compounds. Thus, as no more were covered by protective layer, the degradation of compounds occurs easily [10] . As reported by Sharizan et al. [22] , the amount of 6-gingerol reduced has increased the extraction time. The mechanism of compounds extract from plant matrix is widely discussed in many papers [6, 16, 23, 24] . Higher time is required to extract 6-gingerol at lower temperature which is about 11 min, but at high temperature, the optimum time is only 3 min before reaching the equilibrium concentration. Effect of temperature for 6-gingerol in batch system (solid line) and semi-batch system at 413.15 K (dash line)
The comparison of recovery 8-gingerol for batch and semibatch systems is shown in Fig.3 . The optimum recovery is found at 453.15K within 3 min and the lowest is 413.15K for batch system. At lower temperature, the degradation of 8-gingerol is not too obvious as compared to high temperature although the compounds has been extracted at a prolonged time.
The recovery is not consistent for each temperature studied up to 30min as obtained from 6-gingerol in previous figure. The gap observed for optimum recovery in batch and semibatch systems is large whilst the optimum recovery in semibatch is much higher than batch system. As compared to 6-gingerol, the different trends is due to the lower amount of 8-gingerol present in ginger matrix. The lowest recovery is obtained by 10-gingerol in batch and semi-batch systems as shown in Fig.4 . From figure, inconsistency of the trends in batch system for all temperature ranges is displayed. The optimum recovery is 5.69% in batch system whilst about 19% has been extracted in semi-batch system. Effect of temperature for 10-gingerol in batch system (solid line) and semi-batch system at 393.15K (dash line)
The difference trends can be observed for 6-shogaol which the recovery has increased with temperature and time. As shown in Fig.5 , overlapping of recovery at 453.15K for all time studied. But, at 433.15K the drastic increasing of recovery only can be observed at 15 min and above. The drastic increasing of 6-shogaol might be because of -hydroxyl is dehydrated to form shogaol. As reported by Bhattarai et al. [25] the dehydration of 6-gingerol to 6-shogaol follows reversible kinetics. Table 1 shows the optimum recovery of ginger bioactive compounds based on the ratio of optimum in batch and semibatch systems as shown in Eq. (2) . The recovery of batch to semi-batch system of 6-gingerol is 89.73% which the remaining percentage of 6-gingerol cannot be extracted from ginger matrix by using batch system. The remaining of 6-gingerol might be trapped or already converted to the other compounds. While the peak value of 6-shogaol is higher than 100% indicates that the amount of 6-shogaol obtained after extraction in ASE is higher than the original amount of 6-shogaol present in ginger matrix. The main reason of the exceeding amount is because of dehydration of 6-gingerol to form 6-shogaol. However, the peak value of 8-and 10-gingerol is lower than 6-gingerol. This might be due to the properties of compounds. Both bioactive compounds have higher molar volume thus exhibits higher stability than lower molar volume [25] . A correlation of rate of degradation >0.90 for all bioactive compounds confirms that the degradation is followed first order rate. The rate of degradation, k deg is higher for 8-gingerol and 10-gingerol since those compounds are exposed to the faster degradation compared to 6-gingerol, thus it is difficult to obtain the optimum recovery for those compounds. Indeed, those compounds have lower recoveries than other compounds hence higher tendency to degrade. In agreement of this findings, Nisha [17] studied the degradation of compounds in matrix and solvent, which the degradation of compounds in solvent was much faster than in matrix since the obtained higher rate of degradation.
IV. CONCLUSION
This paper supplies useful information in determining the optimum recovery of thermal labile compounds in ASE. The recovery of thermal labile compounds for ginger bioactive compounds depends on the optimum recovery in batch and batch systems which represented by peak value. 6-shogaol has the highest recovery with exceed than 100% as compared to other compounds. Further studies on degradation of compounds in batch system should be investigated and compare with semi-batch system.
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